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Asiatic Clams as Potential Pests
in California Water Supplies

362 MICROSTRAINING—DISCUSSION Jour. AW WA

Wi illiam M. Ingram

A contribution to the Journal by William M. Ingram, Biologist, IKob-

Fig. 7. Microstrainer Installation at Belleville, Ont.

These four microstrainer units are installed ahead of rapid sand filters and have been
effective in removing the heavy algal growth to which the Bay of Quinte, Lake
Ontario, is subject.

the most common use for microstrain-
ing is before slow sand filtration. Al-
though it is true that a greater pro-
portion of the early installations, and
many presently being installed, were
for that purpose, it is also- true that
over the last few years microstraining,
as the sole filtration process, has been
the principal application in both public
and industrial supplies. An increasing
number of microstraining units are also
being used for effecting primary treat-
ment ahead of rapid sand filters in a

IFFICULTIES caused by Asiatic

clams, Corbicula fluminea (Mul-
ler) (Fig. 1), in California irrigation
systems have been reported. These
organisms have been troublesome in
the Coachella Valley in Southern Cali-
fornia and at the Tracy Pumping Sta-
Etion in central California. Concern has
§also been expressed by the Metropoli-
tan Water District of Southern Cali-
2fornia, which has not yet encountered
problems but has foreseen possible
clam difficulties. With further devel-
fopment of irrigatfon and potable water
supplies, Asiatic clams are seen as po-
jtential pests and a threat of continu-
ing nuisance by those who are charged
fwith maintenance of water projects.

manner similar to installations in front
of slow sand filters,
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bEFrom collections thein available, the
iAsiatic clam was listed as occurring in
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¥ rorth end of Mayberry cut in the “Old
f Sand Bank,” Sacramento County;
f Frank’s Tract near Qakley, junction
Eof Broad Sfough and the Sacramento
iver, near the mouth of the Moke-
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lumne River; the Sacramento River
near Isleton; Shad Landing, San
Joaquin River; the Middle River at
Santa Fe Railroad Ferry, San Joaquin
County; Snodgrass Slough; and a
drainage ‘ditch into Sycamore Slough
near Reveal Landing, South Fork of
the Mokelumne River, San Joaquin
County. California localities subsc-
quently reported to the author are: the
Colorado River Aqueduct near Gene
Pumping Plant; Mecca from an irri-
gation outflow channel discharging into
the Saiton Sea; Rock Slough, Contra
Costa County; an irrigation ditch 12
mi east of Los Banos, Merced County ;

_vicinity of Bakersfield, Kern County;

San Joaquin River as far as Patter-
son; Antioch to the Feather River;
the Contra Costa and Delta-Mendota
canals of the California Central Val-
ley Project; and Modesto, Tuolumne
River, Stanislaus County. :

In 1948 the clam was also found in
the Columbia River in Pacific County,
Wash., and in the Willamette River,
Ore. Present inforination is that clams
are being taken from Lake Mead on
the Colorado River, and from water
supplies of Phoenix, Ariz. In the US
National Museum the author has ex- .
amined two specimens from Phoenix
which bear the accession date of Nov.
18, 1954. In 1958 Dundee and Dun-
dee (10) reported the Asiatic clam
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from an irrigation canal behind the
Desert Plant Botanical Garden (Pa-
pago Park) in Phoenix, Ariz. They
refer to earlier records of its distribu-
tion in the West based on mimeo-
graphed minutes of the Conchological
Club of Southern California. In the
Pacific Northwest, recent information

WILLIAM M. INGRAM

Asiatic Clam

Fig. 1.

The actual length of this specimen was

approximately 31 wmm. Upper photo-

graph, exterior view, lower, interior
view.

states that clams occur on both the
Oregon and Washington sides of the
Columbia River at Bonneville, and in
the Snake River on the Washington—
Idaho border. The earliest collection
date for California specimens available
to the author is 1946, where they were

Jour. AW WA

found in an irrigation ditch 1.6 mi east
and 2.2 mi north of a road crossing
over Potato Slough at Terminus on
Lodi-Isleton Highway. The earliest
‘collection date from Washington is
1938 in the Columbia River, 2 mi east
of Knappton. The specimens bearing
these dates are housed in the California
Academy of Sciences,

Information is still not available to
indicate how widely the Asiatic clam
is distributed in the Western States
although it is 10 years since their pres
ence was recorded in published litera-
ture (7). This article establishes this
clam as an economic pest, and water
development agencies may therefore
wish to investigate thoroughly its dis
tribution lest it become related pestif-
erously to planned projects.

In 1953 C. S. Hale, general manager
of the Coachella Valley County Water
District, Coachella, Calif., stated ia
correspondence that an apparently
serious infestation of Corbicula flum.
nea had developed in the water dis
trict’s underground distribution sys
tem. Irrigation water is taken from

the Colorado River at Imperial Dam,

transported through 123 mi of open
canal, and distributed through approxi-
mately 500 mi of underground pipe.
Accumulation of live clams and clam
shells causes serious impairmgnt of
water delivery at farmers’ turnout
valves, at ends of laterals, and in irn-
gation sprinkler systems. Clams were
appearing in irrigation water in River-
side County and Imperial Valley dis- §
tribution systems.

Further correspondence with Hale
in March 1955, stated that the clam
population had greatly subsided in the
summer of 1954, and that there had
been little trouble as compared to 1953,

* fthis structure.
Nuisance in Coachella Valley , i

Mar. 1959

No explanation was offered for the
subsidence, except that water tempera-
tures had probably been a little higher.
In 1954, owing to weed debris, most of
the canal water was diverted to a set-
tling basin about 2 mi long. From this
basin the water was returned to the
canal at a somewhat higher tempera-
ture, which resulted from the shallow-
ness of the basin.

In January 1958, correspondence
from Lowell O. Weeks, general man-
ager and chief engineer of the Co-
F‘g‘achella Valley County Water District,
‘reviewed the troubles cited in Hale's
letters and brought the clam situation
up to date. Weeks stated that an 8-t
diameter lateral is opened each Janu-
ary at its distribution point. In 1953,
perhaps 100-200 clams were found in
In 1954 about 3 cuyd
of claras were removed, but during
the summer the clam nuisance to
farmers greatly subsided. In January
1955 only about 4 cuyd had accumu-
lated in the lateml. Succeeding sea-
sons have revealed only slight accumu-
lations in this structure and no farmers
shave complained. Weeks commented
that 86 mi of unlined canal, which
brings water into the Coachella Valley
from the All-American Canal, was
emptied of water in November 1957
after approximately 10 years of con-
tinuous flow. It was noted that vari-
ous sections were heavily infested with
clams, and that for a distance of § mi
the bottom appeared to be heavily
graveled with clams. This observation
led him to believe that recurrence of
the 1953 summer clam infestation was
entirely possible if and when the cor-
rect conditions occurred. No control
measures were mentioned in the corre-
spondence, other than manual removal
of clams. The single explanation prof-
fered for the subsidence of clam nuis-
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ances was the 1954 diversion of canal
water into the settling basin, where
increased water temperature may have
reduced clam populations.

Metropolittm Water District

In January 1958, Lee Streicher,
chief chemist of the Metropolitan
Water District of Southern California,
stationed at LaVerne, Calif., wrote
that an infestation of fresh-water clams
had recently been discovered in Colo-
rado River water near the intake of the
district’s aqueduct system. These clams
were identified as Corbicula fluminea.
Specimens sent to the author were col-
lected on Dec. 14 from the Colorado
River aqueduct near Gene Pumping
Plant. No trouble was then reported
as being caused by the clam, but con-
cern was expressed as to the possible
effects on the carrying capacity of pipe-
lines and possible damage to the im-
pellers of large centrifugal pumps,
should the clams be dislodged from
the invert of the pipe and drawn into
the pumps.

The experience of the Coachella
Valley County Water District has
demonstrated that the Asiatic clam can
disrupt flow through pipe. With
time, large accumulations of shells
could also affect flow in large pipe, if
the 3 cuyd of clams that accumulated
in the 8-ft lateral of the Coachella irri-
gation system represented the annual
volume entering into large distribution
pipe. Difficulties that are caused by
the fresh-water, zebra clam, Dreis-
sensia polymorpha, in reducing the di-
ameter of 24-in. mains in England
have been described by Clarke (2) and
summarized by the author (3). For- -
tunately, this clam is not found in the
United States. Once established in
mains and pipe, it would be harder to
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remove than the Asiatic clam, as it has
a holdfast by which it attaches itself.

One can surmize that pump impeller
troubles could result from pumping
clams, 31 mm long, 25 mm tall, 15 mm
broad, and weighing 3-6 g. The hard,
calcium carbonate shell covered with
chitin makes the adult clam quite ura-
ble. If shells of dead clams, especially

Fig. 2. Clam Infestation of
Condenser-Cooler Unit

Lodging of clams such as is shown here
has presented a great problem -at Tracy
Pumping Station, Sacramento, Calif.

from the small, immature clams with
fragile shells, become _fragmented,
abrasion of pumps can result. One in-
stance of such abrasion in piston-type
sludge pumps by shells of a small type
of mollusk has been pointed out (7).

Some experimental work, using jar
tests to determine the molluscacidal ac-
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tion of copper sulfate and chlorine were
carried out by Streicher. It was de-
termined that the combined mollusca-
cidal action of chlorine and copper sul-
fate was more effective than either
alone. ’

Tracy Pumping Plant

~ Correspondence in March 1958, for-
Avarded by B. P. Bellport, regional di-
rector of Region 2 of the Bureau of
Reclamation in Sacramento, Calif., viv-
idly described troubles caused by Asi-
atic clams at the bureau’s Tracy Pump-
ing Station. The material was assem-

bled by H. W. Thomson, chief of the f §

Tracy operations field branch. Tht
main strainers at the pumping statio
have sometimes required hourly clea

ing, owing to the presence of clam

Clams also plug the tubes of the sy

chronous condenser—cooler units.

The main-line strainers have }-i
openings and the heat exchanger tu
are § in. in diameter. Small claims
pass through the strainers, and lodge
in the system ahead of the cooler units
(Fig. 2), where they increase in size.
They are later dislodged, but some are
tno large to pass through the heat ex-
changer tubes (Fig. 3).

Molluscacides

A search in 1952 for a molluscacide
for clam contro} indicated that copper
sulfate was effective at a 750-ppm con-
centration with an exposure time of
48 hr. Chlorine was found to give a
quicker kill, but the required concer-
tration was corrosive to metal.* In
1953, 2,500 ppm of-a relatively in-
expensive aromatic solvent was found

* It should also be pointed out that wse
of copper salts in high dosage will also
corrode iron structures.

Mar. 1959 "ASIATIC
to be effective and stated to be safe.
The present control method is to inject
approximately 2,500 ppm of coal-tar
naphtha plus an emuilsifier into one of
the 600-gpm pumps supplying water
to the condenser—cooler units until the
effluent becomes discolored. The water
is then shut off for 24 hr, after which
time the unit is flushed at increased
velocity using two 600-gpm pumps.
The cooler unit heads are then re-

Clams Removed From Condenser
Qooler Unit at Tracy Pumping Station

Fig. 3.

Clams such as these are too large to pass
through the heat exchanger tubes of the
cooler and thus lodge and clog the unit

(Fig. 2).

moved and the plugged tubes are
cleaned. With this treatment and
with use of both pumps in normal
operation, the clam control problem in
the condenser cooler system has been
reduced. Chemical treatment is done
in September or October when the
condensers can be shut down, but these
months are not necessarily the best
time of year for effective clam control.

Further, it is reported by the Bu-
reau of Reclamation that, after use of
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copper sulfate for algal control in the
Contra Costa Canal, clams and snails
contribute to taste and.odors in water;
also, that clams are undesirable in-
habitants in the Delta-Mendota Canal,
where they form deposits in the quies-
cent water of the canal curves, in turn-
out recesses, and in irrigation boxes.

Habitat and Life Cycle

Corbicula fluminea apparently does
well in substrates of sand, or mud, or
a combination of the two. A 1958
report (4) indicates that in rivers in
the vicinity of Taipei, Taiwan, this
species prefers a sandy bottom to a
silty one. It also appears to prefer a
fresh-water habitat.  Some species
prefer marine habitats, and others
show preference for brackish water.

" Individual clams bury themselves in
the substrate with the posterior end
of the shell extending upward into the
water to expose the siphons. Micro-
organisms are drawn into the mantle
cavity through the incurrent siphon
and eventually enter the mouth where
they pass into the digestive system.
Solid wastes are extruded from the
anal opening and pass out into the
water through the excurrent siphon.

The literature is in disagreement on
whether Corbicula clams are hermaph-
roditic or dioecious {_-1,,2)\' Fertilized
eggs develop and hatch in the adult
clam.  Free-swimming, microscopic
larvae are released into the water. A
few thousand may be released by a
single clam.

Correspondence received from L. O.
Weeks of the Coachella Valley County
Water District includes data collected
by the California Department of Fish
and Game relative to clam larvae
and states: “Invisible, free-swimming
larvae may be in such numbers as to
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count out 400 per cubic inch of irriga-
tion water.” These would be small
enough to pass through standard
strainers of water meters. Thus, if
growth conditions are favorable, the
larvae can develop into juvenile or
adult clams at almost any point in an
irrigation or potable-water supply sys-
tem. The author has no data that indi-
cate the exact duration of the spawning
season for Corbicule fluminea on the
West Coast. In Taiwan, June through
September appears to be the period
when spawning occurs and eggs are
most numerous (4). The duration of
the larval stage is not known. '
When C. E. Warren, of Oregon
State College, studied Corbicula flu-
minea in the Tuolumne River, Mo-
desto, Calif., in 1952-53 he wrote that
he had found individual clams of about
1 mm in diameter in considerable
numbers from April through October.
Such small-sized individual clams dis-
tributed over this period indicates a
long period of spawning. He observed
that a 50-mm length was close to the
maximum size reached by this species
in the Tuolumne River and hypothe-
sized, from the number of dark shell
bands, that clams may reach this length
during their seventh summer. The
shell erosion noted on 50-mm clams
may limit the age to which this species
can attain. The largest shells reported
from Canton by Prashad were 83 mn
long, 77 mm high and 50 mm thick ‘

Elimination of Mollusks

Even though chemical treatment
may result in successful kills, physical
measures must be employed to elimi-
nate Asiatic clam from channels and
pipe. The vulnerable link in the life
cycle of this clam is the free-swimming
larval stage when the young are pro-
tected by no shell, or by a poorly de-

WILLIAM M. INGRAM
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veloped one, at best, into which the
body cannot be withdrawn. Thus, if
the spawning seasons for this clam are
determiined, chemical control measures
can be most effectively directed at the
naked larvae. As spawning may be
triggered by changes in temperature,
this period in central California may
vary from that in the Coachella Valley,
’ind both of these times vary from Ore-
gon and Washington spawning.

Jar -tests on both larvae and adults
can determine molluscacidal efficiencies
in relation to the strength of com-
pounds and contact time necessary for
complete Kkills.
supplies may be involved, chlorine and
certain copper compounds, such as cop-
per sulfate, are the only chemicals rec-

practice that could be put to use as
molluscacides. The recommended limi-
tation on the use of the latter is de-
lineated by USPHS (5) which states

that in treated waters copper as Cu §

should not exceed 3 ppm.

At present too little is known about
the toxicities of the newer mollusca-
cides, such as sodium pentachlorophe-
nate (6), to think of using them for
prophylactic treatment or eradication
of mollusks in finished water. Com-
plete information is not at hand to indi-
cate what the toxicity of this com
pound and others would be to crops
or animals that are watered by irnga-
tion supplies. Y

With the threat of the extension o
the Asiatic clam in present and future
water development projects, it cer-
tainly behooves the administrators of
such projects to obtain accurate data
on the effectiveness of available mol
luscacides on larvae and adults. Of
greater importance is the simultaneous
determination of the presence or lack
of toxicity to humans, domestic ani-

Where drinking-water
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mals, fish, and plants that would be
intimately contacted by irrigation
waters.

Nomenclature and Forelgn Distri-
bution

Prashad (&), who has extensively
studied the various species of clams of
the genus Corbicula, states that Cor-
bicula fluminea has a wide range in
southeastern China and Korea, and is
also found in the Ussuri Basin in
southeastern Russia. He lists (8) 53
different citations for this species.
Some other generic names that have
been used in addition to Corbicula are
Tellina, Cyrena, and Cyclas.

- Uses of Asiatic Clams
ommended by current water treatment f .

Asiatic clams are reportedly used as
‘fish bait in the regions where they
-occur in Central California. Some
specimens now in the US National
Museum were taken from the stomach
of a sturgeon that was caught in the
Columbia Rivef near Bonneville Dam
in 1950. In Asia and in the Pacific
Islands Asiatic clams are used as food
for human consumption. In streams
in the vicinity of the municipality of
Taipei, Taiwan, as many as 200 fishing
boats, mostly on the Tanshui River,
may be seen trawling for them (4).
It has been estimated that over 300
-families of the Taipei municipality
-make their livings in this way. A good
day’s clam fishing for a one-man boat
"may result in a catch of about 100 Ib.
Large and medium-sized clams are
sold alive; clam meats are also dried
“for sale. Small-sized clams are used
for feeding ducks. In addition, on the
Keelung River in the vicinity of the
municipality of Taipei, ducks, them-
iselves, forage for clams.

Data indicate (4) that the annual
worth of Corbicula clams to the Taipei
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fishery is several million Taiwan dol-
lars. It is not clear (4) as to whether
Corbicula fluninea is the sole specics
marketed, or whether the estimates are
also based on Corbicule formosana,
which is also found in abundance in
the Tanshui River in the vicinity of
Taipei, and which apparently prefers
brackish water.
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Water Yield and Reservoir Storage in the United States

In a five-page report, recently published by the US Geological Survey as Circular
409, Walter B. Langbein discusses the amount of water now made available hy reser-
voir storage and considers the prospects for increasing that amount to meet es;timated
future needs.  According to the report, the aggregate capacity of regulatory reservoirs
in the United States (exclusive of those of less than 5,000 acre-ft capacity) increased
from 33,000,000 acre-ft in 1920 to 273,000,000 acre-ft in 1953, and the trend in con-
struction is still upward. The computed annual water supply made available by pres-
ent reservoirs is 190,000,000 acre-ft. This amount, reduced by an estimated net
evaporation loss of 10,000,000 acre-ft (mostly in the western states), is 13 per cent
of the total flow of the nation’s rivers.

Water control through storage is governed by the law of diminishing returns;
each successive .increment of control requires more storage space than the preceding
increment. Storage capacity equal to a year’s flow can regulate 40 per cent of the
flow, but doubling the capacity only increases regulation by about a third. Thus,
although a considerable increase in usable supply could be obtained through addi-
tional storage in the East, some drainage basins in the western states mayr already
be approaching a limit. Tn the Colorado River, for example, an increase in the present
storage capacity of 29,000,000 acre-ft to a proposed 50,000,000 acre-ft would probabl)
be largely offset by increased evaporation losses.

It has been estimated that an annual increment of 10.000,000 acre-ft of rstorage
will be necessary to meet anticipated increases in water use. At that rate increased
demand will approximately double the amount of necessary storage in the next 25-30
years. The biggest challenge offered by the prospect of increasing demand is that
of providing storage where it will be most effective. Estimates have shown that
proper placement of storage could mean the difference between a necessary capacity
of approximately twice the present capacity and more than four times that amount
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Zone of Aeration and Its Relationship to
'Ground Water Recharge '

Irwin Remson, James R. Randolph., and

Henry C. Barksdale

A contribution to the Jowrnal by Irwin Remson, Geologist, James R.

Randolph, Geologist, and Henry C. Barksdale, Hydr. Engr.,

all of -

Ground Water Branch, USGS, Trenton, N.J.

ERTAIN phases of the relation-

ship of the zone of aeration to
the water table, climatic factors,
and ground water recharge have been
studied at Seabrook, N.J. The de-
scription in this article of the occur-
rence of water in the zone of aeration
at Seabrook is based largely upon
tensiometer readings.

Recharge

Water percplating into relatively
dry sediments at Seabrook must wet
each layer of the aeration zone approxi-
mately to field capacity before mois-
ture drainage to the layer below can
take place at a substantial rate. The
depth to which a given rainfall or irri-
gation application, or both, penetrate
depends largely upon the thickness and
previous moisture content of the top
layer of the aeration zone. The rate
at which the water penetrates depends
upon the amount of water and the
nature of the sediments. If insufficient
water is applied to the surface to wet
the unsaturated zone to field capacity
the percolating water stabilizes at some
level above the water table and then
dissipates by much slower downward
drainage and by vapor transfer.

Ground water recharge generally
occurs by the infiltration and down-

ward percolation of precipitation or
stream flow through the zone of aera-
tion to the water table. Hydrologic
conditions in the zone of aeration are
critically important in ground water
recharge and are not completely under-
stood. This article will describe stud-
ies of movement of water in the zone
of aeration made by USGS at two
especially favorable sites at Seabronk,
N.J. One site is in a forest clearing
where the water table is approximately
17 ft below the land surface; the other
is in an open, grassy area where the
water table is approximately 13 ft
below the land surface. The sediments
at these sites are predominantly sandy.

The description given in this article
is applicable for the soil and climatic
conditions at Seabrook and should not
be assumed to apply elsewhere without
further study. However. it is believed
that the results of the study confirm
Meinzer’s threefold division of the
zone of aeration (7, 2) described later
in this article.

Suction and Field Capacity

Suction, or soil-moisture tension, is
a measure of the attraction of the soil
for water at any given point.  Suc-
tion generally decreases as the moisture
content of the soil increases. As stated
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